Introduction
e giant otter (Pteronura brasiliesis) is a semi-aquatic mammal restricted to the South American continent. Together with the Neotropical river otter (Lontra longicaudis) and freshwater dolphins (Inia geo rensis, I. boliviensis) it is considered an important mammalian predator on sh in Amazonian aquatic habitats. e giant otter's diet consists almost exclusively of sh, though it occasionally ingests crabs and shrimps (Carter and Rosas, 1997) . Due to its large size and the formation of family groups, it is believed to exert high pressure on sh resources. Duplaix (1980) estimated that one adult giant otter of 20kg consumes 10% of its weight daily. However, there is no information available regarding how giant otters a ect local sh population size or sh community structure.
e use of the remains of bones present in feces is one of the most common methods to determine the diet of otters, mainly in the otter species from the genus Lutra in Europe (Kruuk and Moorhouse, 1990; Conroy et al., 1993) . In this species, the remains of prey bones have been also used to identify and to predict the original size of the prey (Wood, 2005) . Reconstructing the original size of the sh prey from undigested remains can constitute a tool to estimate the biomass of the prey consumed, while also determining prey size classes (Hansel et al., 1988) .
In the case of giant otters, the correct identi cation and measurement of sh remains in latrines can also provide information on prey selection and size. Most of the studies conducted so far aimed at identifying prey species have made use of scales, cranial and post-cranial skeleton, otoliths and vertebrae retrieved from latrines (Rosas et al., 1999; Cabral et al., 2010; Mallea Cardenas and Becerra Cardona, 2012) . e information about consumed prey must be reconstructed from fragmentary parts. Even when the digestive process is advanced, the slower digestion of bony material and the linear relation between bone length and sh size allow for reliable identi cation and size reconstruction for most sh species (Hansel et al., 1988) . e identi cation and estimation of the original length of sh prey ingested by mammalian predators has frequently involved the use of diagnostic bones, mostly cleithra, dentaries, pharyngeal arches, opercles, premaxillae and maxillae (Hansel et al., 1988; Wood, 2005) , otoliths and vertebrae (Granadeiro and Silva, 2000) . Although all these structures can be used to accurately identify sh remains, premaxilla may be the most easily identi able and most likely resistant to digestion (Wood, 2005) .
ere are many advantages of using premaxilla as a diagnostic bony structure. Premaxilla can be used not only to identify multiple shes to the species level, but also to estimate the original length of partially digested sh (Hansel et al., 1988; Scharf et al., 1998) . Premaxillary bones are also e ective structures for diet analysis because they resist digestion and they are paired structures, which makes it possible to accurately quantify the number of prey items (Mallea Cardenas and Becerra Cardona, 2012) .
e status of the giant otter as a species in danger of extinction 1 (Zambrana et al., 2009 ) and its importance as top predator increase the interest in carrying out detailed studies about its food ecology. Using bones to identify and estimate prey sizes is a method that can provide reliable data to clarify certain aspects of possible competition between giant otters and shermen. is type of research can also contribute to the analysis of e cient species conservation measures.
One objective of this research was to describe the use of the di erentiated characteristics of premaxilla bones to identify prey sh from giant otter latrines. e other aim was to estimate original prey size from measurements of premaxilla for six prey species which are common in the diet of giant otters in the Paraguá River (Bolivia). Using premaxilla bones, we also calculated the minimum number of prey sh consumed, as a way to demonstrate the wide application of the method. Table 1 . Order, family, species, total number of collected individuals (N), number of dissected individuals (n) and size range (standard length in millimeters) of prey used to construct predictive lineal regressions.
Material and methods
Fish and latrine samples e sh and bone samples from giant otter latrines were collected in the lower basin of the Paraguá River during the low water period, in August 2003. e Paraguá River is a major tributary of the Iténez River, and is the natural boundary between the Noel Kemp Mercado protected area and the Indigenous Territory Bajo Paraguá. e work area corresponded approximately to a river stretch of 60km (Figure 1) .
Bones of six sh species (Hoplias malabaricus, Serrasalmus rhombeus, Pygocentrus nattereri, Chaetobranchus avescesns, Satanoperca pappaterra and Astronotus crassipinnis) were extracted.
ese species regularly form part of the diet of giant otter in the Paraguá River (Mallea Cardenas and Becerra Cardona, 2012) . e sh were caught using a variety of methods, but mainly trawl nets. Fish samples were preserved in formalin 10% and transported to the laboratory, where standard length of each individual sh was measured. e individuals of each species were grouped in size classes of two centimeters and one individual of each size class was chosen for dissection (Table 1) .
Scales, skin and most of the muscular tissue of the sh were removed from selected individuals, and the remaining tissue and bones were then put in boiling water with 20g caustic soda for ve or eight minutes (depending on the sample size), until the esh could be easily removed from the skeleton.
e bone was then rinsed with abundant water. Sodium hypochlorite (NaClO) and hydrogen peroxide (H2O 2 ) were used to lighten the structures collected, and facilitate the separation of the bones; after each of these procedures the bone was again rinsed with water. e premaxillary bones were dried to room temperature and stored.
Giant otters defecate in localized communal latrines ('spraint areas'), thus each latrine contains the spraints of various giant otter individuals (Groenendijk et al., 2005) . Giant otter feces were collected both in fresh and old latrines. e samples were taken at random over the entire area of each latrine. Nineteen samples with similar volume were selected, collected in di erent points along the study area (see Figure 1) . e samples were soaked for 24 hours in water with detergent to eliminate soil remains, and then rinsed with abundant water on two sieves, one with a mesh diameter of 1.25mm and the other of 1.75mm. e samples were dried to the room temperature. Once dried, the premaxillary bones were selected for their identi cation and subsequent measurement (Mallea Cardenas and Becerra Cardona, 2012) .
Identi cation of sh species and estimation of prey size
In a general way, the premaxilla bone has a vertical or ascending process which is the part of the body that unites to its pair bone, the area of union being denominated symphysis, whereas the horizontal process or lateral branch is the arm or sector of the premaxillary bone where the teeth are located (Machado-Allison, 1986) (Figure 2 ). However, there exist many variations on this general scheme, and the species-speci c characteristics of premaxilla bones enable us to distinguish sh species. e bones were carefully examined to allow us to identify distinctive characteristics that could be potentially useful. Several bone features were examined for di erences among species such as the general shape, size and shape of ascending processes and horizontal processes, and ornamentation such as holes, pores, etc. (Figure 2 ). e terms used for the description of the premaxilla follow standards set by Machado-Allison (1986) and Conroy et al. (1993) .
e measurements carried out on the premaxillary bones (see Figure 3 ) were based mainly on the works of Van Neer (1984), Desse et al. (1987; , Rosello and Sancho (1994) and Desse and Desse-Berset (1996) . Additionally, the following characteristics were considered: 1) general shape of the bone; 2) key areas of the bone that persist even when it is broken into fragments; 3) characteristic areas of premaxilla (Mallea Cardenas and Becerra Cardona, 2012) . e number of measurements taken depended on the general shape of the premaxilla bones and was maximized to increase the probability that standard length of sh from remains could be used based on fragmented bones (Mallea Cardenas and Becerra Cardona, 2012) . e measurments were taken with vernier calipers.
Simple linear regression equations were calculated to estimate original standard lengths of six species of shes based on their bone measurements. Standard lengths were regressed on the average measurements from both left and right premaxillary bones. e equations of lineal regression were calculated using the STATISTICA 6.0 program. e premaxilla bones collected from the 19 latrines were identi ed based on a morphological comparison with the dissected premaxilla. e number of bones for each species was assessed and the standard length of the consumed shes was calculated replacing the values of the measurement in the corresponding linear regression equations. All standard lengths calculated in this way were averaged and standard deviations were calculated.
Estimation of the minimum number of individual sh in the latrine samples
e number of individual sh present in the 19 latrine samples was estimated based on the number of premaxillary bones found. All premaxilla identi ed by species in each sample were di erentiated between right and left. Size di erences between left and right premaxillary were taken into account in order to explore whether bones belonged possibly to one individual or to more individuals within the same sample. Left and right premaxillary with noticeable size di erences, detectable with a stereomicroscope, were considered to be from di erent individuals. As a rule, when the di erence in sh length calculated from right and left premaxilla was greater than 2mm in H. malabaricus and greater than 1mm for the other species, the bones were considered to belong to di erent individuals. Left and right bones with similar sizes were considered to be from the same individual. Table 3 . 
Results
Identi cation of prey sh species e premaxillary bones were easily recognizable among the sh remains.
ere were also clear di erences in the diagnostic characteristics at the family level. e premaxillary bones of H. malabaricus have a triangular shape, cichlids have a distinctively thin 'L' shape, and serrasalmids have a solid 'L' shape ( Figure 3 ). e remains of the premaxillary bones of H. malabaricus, even when they were broken into fragments, could be identi ed easily, due to the presence of teeth and the characteristic hole in the body of the premaxillary. Identifying broken fragments of the premaxillary bones of serrasalmids was more di cult, because the remains need complete sectors of the premaxilla, such as the ascending or horizontal process (ramus). If these sectors are also broken into fragments, the identi cation at family level is possible but becomes di cult at species level, though the teeth can aid in species identi cation. e premaxillary bones of the three species of cichlids, even when broken into fragments, were relatively easy to identify. Table 2 presents a summary of the characteristic features of premaxillary bones encountered in the latrine samples. e easiness of identi cation, the observed grade of fragmentation, the frequency within the samples and the morphological characteristics most useful in the identi cation are indicated.
Estimation of standard length of prey sh
All regressions for H. malabaricus were highly signi cant and displayed high coe cients (R 2 ), between 0.88 and 0.98. Regression equations for S. rhombeus, P. nattereri and A. crassipinnis ranged from highly signi cant to signi cant, with R 2 values from 0.53 to 0.99 (Table 3) . Regression of the measurements 'a' and 'b' (see Figure 3) were signi cant for C. avescens, with R 2 values ranging from 0.77 to 0.83. Finally, regression of the measures 'a', 'b' and 'e' were also signi cant, with R 2 values ranging from 0.95 to 0.99 for S. pappaterra (Table 3) .
A total of 109 premaxillary remains were identi ed to species level. Of these, 34% and 36% were from H. malabaricus and C. avescens respectively (Table 4) . Using the regression equations, the standard length of 58 individual sh (53%) could be estimated. is percentage was relatively low because some remains did not contain the necessary areas to apply the measurements for the regressions, or the regressions results were not signi cant. For example, 39 bones of C. avescens were encountered, of which 25 were fragmented and only the non-signi cant measure 'c' could be taken. For this reason, the standard length could only be calculated from four bones (10%). e standard length estimated for H. malabaricus was between 121 to 340mm and frequent size classes ranged from 181 to 240mm. Size classes of S. rhombeus ranged between 21 and 200mm and for P. nattereri they ranged between 101 and 200mm. e range sizes estimated for the cichlids C.
avescens, S. pappaterra and A. crassipinnis were between 61 and 160mm (Figure 4 ).
Species
Identi Figure 3 .
Minimum number of individual sh in the latrine samples
Based on the identi ed premaxillary bones, the minimum number of individual sh present in the latrine samples was estimated to be 90 (Table 4) . H. malabaricus and C. avescens were the species most often encountered in the latrines, whereas the smaller cichlids S. pappaterra and S. crassipinnis were the least frequent.
Standard size could not be estimated for all identi ed premaxillary bones.
e minimum number of individuals in the latrine samples, estimated by taking into account measured size di erences, was 58 (Table 4 ). e minimum number of individuals in the sample was calculated only for the bones which could be measured successfully (Table 5) .
Discussion
e diet of the giant otters is based almost exclusively on sh (Rosas et al., 1999) . However, with the exception of Cabral et al. (2010) and Mallea Cardenas and Becerra Cardona (2012) , little published information is available on their diet composition. e present study shows how research on the premaxillary bones of sh collected from communal latrines may help to ll this information gap.
Various authors have shown that premaxillary bones have unique characteristics for di erent sh species. A description of premaxillae of H. malabaricus was presented by Miquelarena (1986) and Gayet et al. (2003) . ese authors highlighted the character of the triangular body and the central hole, besides the caniniform and lanceolate form of the teeth. Miquelarena (1986) and Machado-Allison and Fink (1996) provided descriptions of the unique morphological characteristics of the premaxillary bones of S. rhombeus and P. nattereri, respectively. Within the cichlid family, Kullander (1987) showed that di erent characteristics exist among species of the genus Satanoperca. Based on ndings from this study, we con rm that di erences exist between S. pappaterra Table 4 . Minimum number of individuals belonging to six sh species consumed by giant otter in 19 samples analyzed. N = number of samples in which premaxillary bones of the species were found; Ni = number of premaxillary bones encountered in the 19 samples; Ns = number of premaxillary bones for which the sh standard length could be calculated; Nimin = minimum number of individuals estimated based on identi ed premaxillary bones, Nsmin = minimum number of individuals for which standard length could be estimated through measurement of premaxillary bones. and S. jurupari. Descriptions of premaxillary bones for other cichlid species were not found in the literature. e premaxillary bones presented in this paper can be considered key bones for identifying sh species consumed, due to their distinguishable characteristics and common presence in otter latrines. e bones of the six sh species were easily identi able and resistant to digestion. Based on the bone fragments, 100% of the prey species were identi ed.
e diagrams presented in this paper for H. malabaricus and cichlid species do not show the complete set of teeth, which are easily lost during the dissection process and which are rarely present in the latrine samples. Teeth of Serrasalmidae species are better xed in the bone, and thus readily found in latrine samples. However, the absence of teeth from some species does not diminish the possibilities of identi cation through premaxillary bones.
Wood (2005), who used only one bone measurement on Pomatomus saltatriz (total length of horizontal process) to calculate linear regression equations, recognized that a high number of signi cant measures should be obtained, in order to improve the use of bone fragments for measurements. In the present study, equations for all the measurements were signi cant for three species, allowing for the use of fragmented bones. On the other hand, some of the measurements proposed for the premaxillary bones of S. pappaterra and C. avescens (particularly 'c') did not yield signi cant linear regression equations. e anterior parts of the premaxillary, which are very useful for species identi cation, at the same time are cleft and therefore susceptible to errors in measurement. In the present study, the premaxillary bones of 25 individuals of C. avescens possessed only this diagnostic sector and consequently only measure 'c' could be taken. Considering the importance of this measurement for the estimation of prey size, we recommend an increase in the number of sh dissected and individuals measured, in addition to an increase in the size range. Granadeiro and Silva (2000) showed that regressions obtained along a broad range of sizes have a higher probability to produce signi cant equations. Some limitations should be considered when using bones to estimate the original length of prey sh. Scharf et al. (1998) suggested that the xing liquids, such as those used during the present study, may a ect bone dimensions. Chemicals were also used during the dissection process, possibly a ecting the bone size. However, the same authors mentioned that prey bone size could also be a ected by the digestion process (erosion due to digestive juices), leading to errors or bias in the posterior measurements. Despite this bias, sh bones and other hard parts were shown to be excellent predictors of original prey size (Hansel et al., 1988; Sharf et al., 1998) .
One additional complication which could limit the use of sh remains in latrines is distortions that may occur during the drying process of the substrate. is corrosive e ect may increase in time, meaning that remains from older giant otters latrines that were subjected to harsh weather conditions for a longer period, possibly su er a loss of bone dimensions. It is important to indicate that the relative number of individuals of di erent species provided in Table 4 was estimated for a sample consisting of pooled spraints. us, it provides insight in the relative importance of di erent sh species as a prey for a population of giant otters in a speci ed area, in this case the Paraguá River basin. However, the data presented does not provide speci c information on the number of prey consumed or the prey preference of individual giant otters, which would instead require the collection of individual spraints. Hájková et al. (2003) did not nd signi cant di erences between the paired premaxillary bones of three cold water species, which is why they used the mean of the right and left measurements. e same approach was adopted in the present study. Hájková et al. (2003) suggested that the use of paired bones (e.g. jaw bones) increases the probability of assessing the minimum numbers of a species. However, whereas right and left bones of the same size can be paired, and single occurrences may be treated as separate individuals, it is not possible to completely rule out that the paired bones come from two individuals of the same size or that the missing bone will appear in another spraint. Nevertheless, for giant otters the calculation of the minimum number of individuals may be more exact, due to the fact that latrines of giant otters do contain mixed spraints of all group members. Using the combination of right and left bones of the premaxilla to determine if they correspond to the same individual within the same sample, thus helps avoid the overestimation of prey.
In the past, giant otter diet studies have produced some estimates of prey sh species and size. Duplaix (1980) , through direct observation of giant otters, estimated that the majority of sh caught and consumed by giant otters belonged to the order Characiformes. Individuals of the most common prey species, Hoplias malabaricus, ranged between 17 and 22cm of length, whereas the size of cichlids (order Perciformes) was between 10 and 15cm of length. Staib (2005) , in the Manu Reserve in the southeast of Peru, estimated the size range of preferred prey sh to be between 7 and 30cm total length, and did not mention the consumption of very small or very large prey.
Giant otters in the Paraguá River were found to consume a variety of sh species of variable sizes. e six sh species mentioned in the present study ranged from 61 to 340mm in size. Generally, giant otters in other regions of the Amazon have shown a tendency to catch species and/or individuals of intermediate size. Bentón (Hoplias malabaricus), one of the common species in the giant otter diet, can reach up to 500mm in total length (TL) (Ferreira et al., 1998; Dos Santos et al., 2004) . e most frequent size range found in the present study for this species was between 201 and 220mm, corresponding to medium-sized individuals, whereas the largest individual observed had a length of 340mm. On the other hand, S. rhombeus reaches maximum longitudes of 400mm standard length (SL) and P. nattereri of 500mm (SL) (Britski et al., 2007) . For these species estimated size of prey in the diet was between 141 and 160mm. C. avescens were found in a size range between 141 and 160mm, whereas the species can reach a maximum growth of 220mm (SL) (Ferreira et al., 1998; Dos Santos et al., 2004) . e observed size range of S. pappaterra was between 100 and 140mm, whereas this species can reach maximum sizes of 192mm (SL) (Britski et al, 2007) . Finally, the observed size range for A. crassipinnis was between 61 and 120mm, which is an intermediate size for a species that reaches a maximum standard length of 240mm (Britski et al., 2007) . Importantly, the population structure for all these species in the Paraguá River is not known, making it di cult to assess whether there is prey selectivity of small, medium and/or large-sized individuals. e only available information is from the (non-random) collection of individuals used for sh extraction in the present study. A comparison ( Figure 5) shows that estimated prey size was generally smaller than the range of sh sizes collected. is di erence can be explained by the size-selective shing gear used. However, we assume that the equations obtained can also be used for sh size which is outside the size range collected.
It is probable that smaller individuals of these di erent species are not consumed by giant otter due to energetic reasons or as a result of problems encountered in detection, capture and/or manipulation. e remains of very small sh found in the samples (25mm, 61mm) could eventually be product of a secondary process, denominated in the literature as 'secondary prey'.
is occurs when a sh ingested by the giant otter contains remains of undigested smaller sh in its own stomach.
is may occur for large-sized carnivorous species, such as the bentón. e same was observed by Pascual (2000) in her study of sizes of prey consumed by the otter species Lutra lutra.
For the same reason, giant otters may not prefer very large individuals, which may be detected, but not easily captured and/or manipulated. e absence or rare occurrence of these large-sized individuals in the latrines may be also due to their rare presence in the area or may be due to the fact that giant otters do not consume the head of these individuals. Studies on prey size selection by the giant otter should be complemented with data on the availability of prey species of di erent sizes.
One of the major threats to the giant otter populations in the Iténez River basin is human-induced mortality motivated by a perceived and supposed impact of the giant otter on sh populations which are important in subsistence and commercial sheries (Van Damme et al., 2003; Zambrana Rojas et al., 2012) . In showing the range of sh species and sizes consumed by the giant otter, the present study presents key information which represents a rst step towards better understanding and responding to this human-predator con ict.
